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Abstract 
Farm animal welfare information will be increasingly available through on-farm data collection using 
sensor networks and other Precision Livestock Farming (PLF) technologies. Such private data can be 
augmented by, and federated with publicly available data, if interoperability standards are used.  
A review of the international literature identified the challenges related to PLF data, specifically in 
extensive livestock farming systems.  The review showed the necessity of using open interoperability 
standards but found a lack of standards applicable to livestock data. The review also investigated 
farm animal welfare standards and technologies that enable the measurement of welfare indicators. It 
was shown that more research is needed to match on farm data capture methods with welfare 
indicators to measure welfare “performance”. It was concluded that a cross-disciplinary approach 
using geographical information systems and open standards will allow federation with data from other 
domains and enable the creation of welfare decision support tools. 
While recognising that more work is needed for developing data standards for animal welfare data, a 
novel approach to creating a welfare decision tool is introduced. This is based on using a web portal 
and interoperable data standards. 
 
Background 
Livestock farming, which has been described as the largest land user on Earth, is subject to many 
layers of complexity, constant economic and environmental pressures, and increasing scrutiny.  In 
addition to increasing concerns about the environmental impacts of meat production and 
sustainability, there are rising public concerns relating to the health, ethical treatment and welfare of 
farm animals (Salter, 2016). 
With limited skilled labour and the increasing size of livestock operations, it is necessary to satisfy the 
increasing information requirements for livestock producers as well as consumers, industry and 
regulatory bodies overseeing production and animal welfare.  PLF is expected to satisfy the need for 
accurate and timely data collection, systems to efficiently store data and means to display such data 
in meaningful, contextualised ways.  However, several factors present challenges for a large scale 
adoption of PLF, particularly in extensive grazing system.  These can be grouped into economics, 
social factors, system complexity, technical issues and data limitations.   
Economic and social factors include the cost of technology adoption, the level of technical skills, 
perceived value of investment and resistance to change and use of new technology.  Agricultural 
systems are characterised by spatial and temporal heterogeneity (Antle et al., 2016).  Extensive 
farming systems show particularly complex interrelationships between these system components and 
the environment.  In addition to the issues with on-farm collection and transmission of data, the lack of 
interoperability and standardised protocols were identified as the key issues in producing useful, 
decision-ready information for livestock farming and animal welfare.   
The globalisation of animal production increases the need for internationally recognised farm animal 
welfare standards.  Various national or even regional jurisdictions have committees or councils for 
developing and promoting animal welfare standards, but they are subject to cultural consideration and 
therefore vary (Marie, 2006).  Regardless of the applicable welfare standard, it is necessary to 
determine which on-farm measurements can be matched up to animal welfare indicators.   
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Methods 
As on-farm data collection is increasing, livestock farming is following other industries down the path 
of big data and machine to machine (M2M) connectivity. The review of the international literature 
identified a strong need for interoperable data standards, appropriate metadata, suitable middleware, 
and web services to make livestock information usable and ready to support decision making. A 
summary of this review follows. 
Wireless sensors are hardware devices that can be used to measure a variety of states and 
behaviours of animals.  Some examples of PLF applications related to animal welfare are GPS 
tracking, motion sensors, proximity sensors and cameras for assessment of behaviour.   
Farm animal welfare measurements can be collected by sensors affixed to animals or by stationary 
sensors and other measuring devices. On-animal sensors can be affixed to animals by way of head or 
neck collars, ear tags, or leg bands and have been likened to human wearable devices, but sensors 
can also be used inside a stomach bolus.  Sensor examples are biosensors, breath and sweat 
analysers, detection of pathogens, toxins and stress, and movement and behaviour analysis 
(Neethirajan, 2017).  In addition to sensors affixed to moving animals, stationary sensor and camera 
technology can identify and measure animals within their proximity.   
Wireless sensor networks (WSNs) connect farm sensors using wireless technologies  Interoperability 
can be built into (WSNs) by using cheap and ubiquitous hardware components, open source software 
and protocols, and cloud services (Ferrández-Pastor et al., 2016).  As larger sensor networks are 
complex, interoperability standards are vital to ensure that all parts work together.  Such standards 
are being developed by The Open Geospatial Consortium (OGC).  The OGC’s Sensor Web 
Enablement (SWE) and related services enable the discovery, access, event detection and alerting of 
sensors in a standardised manner.  
The Internet of Things (IoT) is an open source initiative to connect objects (called “things”) in the 
environment through a network infrastructure, so they can interact and cooperate in ways that are 
mostly transparent to end users.  With respect to livestock farming, things can be sensors, mobile 
phones, cows tagged with radio frequency (RF) devices, vehicles and many other things.  Most IoT 
implementations in agriculture to date have been of proprietary nature and mainly in farm machinery, 
but major development in IoT in agriculture will see more open projects, using open hardware, 
software, standards and protocols (Stočes et al. 2016).  
Data, after collection by sensors and transportation by middleware, needs to be stored and identified 
for use and re-use.  There are few metadata standards in the agriculture domain, such as the 
Agricultural Information Management Standards (AIMS).  Beyond agriculture, the Dublin Core 
Metadata Initiative (DCMI) develops cross-domain and domain-specific metadata standards, which 
are important due to the lack of agricultural standards.  
Data privacy and ownership need to be respected when designing data infrastructure that combines 
public and private data (Capalbo et al., 2016). The recommendations of a report on big data by the 
Australian Farm Institute included keeping data ownership with farmers and using open data and 
standards from both private and public providers (Keogh and Henry, 2016).   
The final requirement for useful livestock data is interoperability. While giving consideration the format 
in which data is stored, the more relevant issue is whether it is accessible. Domain level collaboration 
and data sharing are supported by the Global Open Data for Agriculture & Nutrition (GODAN). This is 
also the goal of the OGC’s Agriculture Domain Working Group. However, there is a lack of 
interoperable data standards which specifically apply to livestock, therefore more work is needed in 
this area. 
 
Results 
Animal welfare information, especially when contextualised with other relevant information, can be 
used in a large number of possible use cases. User groups have different information requirements 
and need to look at information at various geographical and temporal scale. For example, a livestock 
farmer needs specific animal information at farm scale. In contrast, regional scale information would 
be more relevant to industry bodies and legislators.   
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One use case was selected to explore data interoperability and the use of other domain data in a 
geospatial web portal. This use case is: “For a chosen area or property, provide the environmental 
context and risk factors to animal welfare”.   
As implementation of this use case, the web portal allows the user to select an area on the map, by 
selecting a property or drawing a polygon around an arbitrary area.  The user subsequently requests 
a report on the capability and suitability of the area to support adequate livestock welfare.  This report 
lists information about climate, weather-related risks, terrain, availability of water, land cover, transport 
distances, soil characteristics, possible soil contamination, trace-element shortages and others.  Such 
a tool has potential to assist decision support for livestock farmers, both for existing farms and for the 
purposes of purchasing land for livestock production.  
 
Discussion 
Translating welfare indicators into actual observations and measurements that can be taken on-farm 
is undoubtedly a challenge that needs to be addressed before data can be collected and be converted 
to meaningful welfare information. It is envisaged that once this problem is solved, even not in its 
entirety, it would be possible to measure animal welfare “performance” of livestock enterprises against 
a set of welfare standards. 
It is often possible to measure particular welfare indicators in different ways. For example, animals 
can show distress by though unusual activity. Activity can be recorded as staff observations, through 
motion sensors, proximity sensors, or with cameras, similarly, animal condition is usually determined 
by weighing (either by automated walk-over systems or manually), but they could also be estimated 
through alternative morphological measurements or automated image recognition (Catalano et al., 
2016).  It is important to consider that livestock farms have a variety of needs, opportunities and 
limitations related to the type of PLF technologies they can employ to measure welfare indicators.   
More research is needed to determine how welfare indicators can be made to line up with technically 
feasible observations and measures.  Considerations include the availability of relevant technologies, 
types and numbers of livestock, and their location and movements.  Sensor technology is still 
developing and many welfare indicators may be measured in different ways. Therefore, a PLF 
solution that includes monitoring of welfare indicators must have the flexibility to handle inputs from 
many sources and be able to raise alarms when conditions occur that are indicative of substandard 
welfare situations on a farm. 
The spatial portal could later be used to integrate with livestock sensor data.  Combining historic and 
live animal welfare data in the portal could potentially show how well management is performing in 
terms of ensuring adequate welfare for livestock.  However, it could also address the requirements of 
many other use cases, including those that require larger spatial scales. 
 
Conclusion 
Welfare information for on-farm or regional decision support can be generated using a cross-
disciplinary approach that includes geographical information systems and data from heterogeneous 
sensor networks and other sources via international interoperable data standards. 
Using a spatial web portal and reporting tool, relevant information is combined to provide information 
about the animal welfare-related capability and suitability of a selected area. 
A proposed second stage requires the identification of suitable welfare indicators and design of a 
welfare data framework.  
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